The aim of this study was to investigate whether reoxygenation with 21% O 2 rather than 100% O 2 results in reduced hydrogen peroxide (H 2 O 2 ) concentrations in neutrophils (PMN). Piglets (2-4 d old) exposed to severe hypoxia (inspired fraction of oxygen, 0.08) were randomized to resuscitation with 21 (n ϭ 13) or 100% O 2 (n ϭ 12). Five animals served as controls. H 2 O 2 concentrations in PMN in terms of rhodamine 123 (Rho 123) fluorescence intensity from arterial and superior sagittal sinus blood were quantified by flow cytometry. Laser Doppler flowmetry (LDF) was used to assess cortical blood perfusion. During hypoxia, Rho 123 increased in arterial PMN in both study groups by 15 and 32%, respectively (p Ͻ 0.05). In cerebral venous PMN, the increase was less dominant (p ϭ 0.06). Reoxygenation with 100 or 21% O 2 had no different effect on Rho 123 in arterial PMN. In cerebral venous PMN, Rho 123 was approximately 40% higher after 60 min and 30% higher after 120 min compared with corresponding data in the 21% O 2 group (p Ͻ 0.05), which were close to baseline levels. Further, O 2 treatment in both groups induced PMN accumulation in arterial blood (p Ͻ 0.05). Laser Doppler flowmetry signals increased during transient hypoxia (p Ͻ 0.0001 compared with baseline) and were normalized after reoxygenation in both study groups. The primary release of products of the sequential reduction of oxygen, superoxide radical (O 2 -) and H 2 O 2 , and the secondary production of hydroxyl radical (HO -) constitute the molecular mechanism of oxygen toxicity. Any system producing O 2 -will, as a result of the dismutase reaction, also produce H 2 O 2 . Although stable, the damaging redox properties of H 2 O 2 and its ability to form highly reactive free radicals in the presence of transition metal ions have caused the body to form defenses against it. The role of oxygen toxicity in the development of perinatal hypoxic-ischemic encephalopathy is still a matter of debate. The principal hypothesis put forward to explain this process is the oxygen free radical theory (1, 2).
The primary release of products of the sequential reduction of oxygen, superoxide radical (O 2 -) and H 2 O 2 , and the secondary production of hydroxyl radical (HO -) constitute the molecular mechanism of oxygen toxicity. Any system producing O 2 -will, as a result of the dismutase reaction, also produce H 2 O 2 . Although stable, the damaging redox properties of H 2 O 2 and its ability to form highly reactive free radicals in the presence of transition metal ions have caused the body to form defenses against it. The role of oxygen toxicity in the development of perinatal hypoxic-ischemic encephalopathy is still a matter of debate. The principal hypothesis put forward to explain this process is the oxygen free radical theory (1, 2) .
Stimulation of PMN during hypoxia-reoxygenation may increase the concentration of reactive oxygen species (3) in these cells. To date, the production of H 2 O 2 in PMN during hypoxia and resuscitation with pure or air-mixed O 2 has not been studied in detail. Reoxygenation is necessary to prevent further injury to neuronal tissue, but the renewed availability of O 2 to previously hypoxic brain tissue may also have detrimental effects both with respect to the microcirculation and to the parenchyma of the brain. The production of reactive oxygen metabolites may be proportional to PaO 2 , and the oxygen tension achieved during reactive hyperemia and reoxygenation with O 2 concentrations higher than 21% may generate a correspondingly higher burst of these metabolites. However, we do not know with certainty whether the production of reactive oxygen species during resuscitation depends on the concentration of inspired O 2 (4 -7) .
The aim of the present study was to investigate the hypothesis that arterial and cerebral venous PMN activated by hypoxia produce higher H 2 O 2 concentrations by reoxygenation with 100% compared with 21% O 2 . For this purpose, newborn piglets primarily exposed to hypoxia were randomized to resuscitation with 100 or 21% O 2 . The conversion of DHR 123 into Rho 123 was used as a fluorescent marker of H 2 O 2 production in white blood cell suspensions. We studied the applicability of the oxidative dye DHR 123 as an available sensitive direct indicator of H 2 O 2 content in PMN. Further, we characterized the temporal course of the cortical microvascular blood perfusion in the cortex and the CMRO 2 during hypoxia and reoxygenation. Regional cerebral microcirculation was simultaneously monitored using the LDF technique.
METHODS

Animal preparation.
The experiments were performed on 2-4-d-old newborn piglets of both sexes, weighing from 1125 to 2065 g (1577 Ϯ 50 g). Anesthesia was induced by mask inhalation of 3% halothane (Fluothane, Zeneca, Oslo, Norway) mixed with O 2 until unconsciousness was achieved. Halothane inhalation was discontinued when a 3.5-uncuffed endotracheal tube (SIMS Portex, Hythe, UK) was inserted via tracheotomy and connected to a volume-controlled ventilator (900 B, Siemens Elema, Solna, Sweden). A humidifier (Humid-Vent Micro ϩ3.5, Louis Gibeck, Upplands Väsby, Sweden) was connected to the endotracheal tube. Tidal volume was kept at 30 mL/kg and the respiratory frequency at 40 breaths/min to achieve a PaCO 2 at a range of 4 -6 kPa. End-tidal CO 2 was continuously measured with a CO 2 monitor (Engström Eliza Plus, Datex-Ohmeda AB, Bromma, Sweden). FiO 2 was set at 0.21. Inspired O 2 concentration was monitored with an oximeter (Datex Instrumentation Corp., Helsinki, Finland), which was calibrated before the start of each experiment.
After cannulation of the intermediate or lateral auricular vein, bolus injections of 6 -10 mg/kg of sodium pentobarbital, 20 g/kg of fentanyl (Leptanal, Janssen-Cilag, Holmlia, Norway), and 0.1 mg/kg of pancuronium bromide (Pavulon, Organon Teknika, Cambridge, UK) were given. A continuous sodium pentobarbital infusion (6 mg·kg
) was administered throughout the experiments except during the hypoxic period. Repeated doses of 2-4 g/kg of fentanyl and 0.05 mg/kg of pancuronium bromide were given hourly. An i.v. infusion containing 0.75% NaCl and 1.25% glucose was given at a rate of 10 mL·kg . Polyethylene catheters (Portex PE 5, inside diameter 0.58 mm, SIMS Portex Ltd., Hythe, UK) were inserted into the left external jugular vein for maintenance of anesthesia and fluid replacement and into the right femoral artery for blood pressure monitoring. Body temperature was monitored by a rectal thermometer and kept at 36.5-38.5°C by a radiant heating lamp and warm blankets, minimizing temperature-induced variations on metabolism.
The animals were then laid in a prone position. After infiltration of 2-3 mL of 1.0% lidocaine (Astra Zeneca, Södertälje, Sweden), a longitudinal midline incision extending from the glabella to the C2 vertebra was made. A stereotaxic head holder (David Kopf Instruments, Tujunga, CA, U.S.A.) was used to clamp the head by ear bars and a mouthpiece bar at three points. Bone landmarks were used to define the planes. The axial horizontal plane was defined by a line passing through the bregma and lambda at right angles to the vertical planes. All coordinates were defined by the position of the bregma. Four holes, 3 mm in diameter, were drilled in the frontoparietal area of the skull. An 18-gauge cannula was inserted into the superior sagittal sinus for blood sampling. Two laser Doppler microprobes were placed in the exposed cortex with the dura removed by small incisions. The laser Doppler probes were initially held in position with methylmethacrylate (Histoacryl, Braun Melsungen AG, Melsungen, Germany) 16 mm anterior and 4.5 mm bilateral to the midline. To achieve permanent stability, the probes were inserted through cork cylinders, which fitted the hole in the skull. The fiber-tip position was set at 3 mm below the cortical surface in the frontal lobes at 0°from the vertical. The laser Doppler probes were connected to master probes with screw couplings (model PF 318, Perimed AB, Stockholm, Sweden). A nitric oxide-sensitive electrode was inserted in the left cortex. The arterial cannula was connected to a pressure transducer (Baxter Uniflow 43-212, Bentley Laboratories, Europe B.V., Uden, Netherlands) for continuous recording of arterial blood pressure and for collecting blood samples for the DHR 123 assay for analysis of blood gases and pH measurements. LDF measurements and arterial blood pressure recordings were transferred to a computer program by use of an analogue-to-digital converter (model M100 WS, Biopac Systems Inc., Santa Barbara, CA, U.S.A.) at a sample rate of 2/s. Blood samples. To measure blood gases and acid base status, 0.5 mL of arterial and sagittal sinus blood was taken before hypoxemia, 2, 5, and 30 min after start, at the end of hypoxemia, and at 5, 30, 60, and 120 min of reoxygenation. The withdrawn blood was replaced by 2.5-fold amounts of normal saline. Temperature-corrected arterial blood gases were analyzed with an AVL 945 automatic blood gas system (AVL Biomedical Instruments, Schaffhausen, Switzerland). Blood glucose was regularly analyzed using the hexokinase method in plasma (Gluco-quant Glucose, Boehringer Mannheim GmbH, Mannheim, Germany). Ten to 15 ). After lysis of red cells for 10 min, leukocytes were centrifuged at 160 ϫ g for 5 min, the pellet was resuspended in 3 mL of the lysing solution, and the cells were centrifuged again at 300 ϫ g and 1200 rpm for 5 min. Finally, they were washed once in 3 mL of Dulbecco's PBS ϩ 2% FCS and centrifuged at 200 ϫ g and 1000 rpm for 5 min. The pellet was then incubated in 400 L of PBS ϩ 2% FCS ϩ 5 mmol glucose, and the cells were kept at 4°C until subjected to flow cytometric analysis within 2 h. (9) . The extracellular oxidation of DHR 123 to Rho 123 is extremely slow unless catalyzed by an enzyme with peroxidase activity. Myeloperoxidase from the azurophilic granules is the only peroxidase that has been described in neutrophils (10) , and it has been shown to be essential for intracellular oxidation of DHR coupled with H 2 O 2 activity (11, 12) . Rho 123 cannot pass the plasma membrane and is retained within the cell. Neutrophil Rho 123 fluorescence intensity is proportional to the concentration of generated H 2 O 2 and was detected by a 488-nm argon laser-equipped flow cytometer. The reaction is highly specific for respiratory burst activity, as it occurs in neutrophil subpopulations (13) . Spontaneous oxidation of DHR 123 to Rho 123 over time was counteracted by keeping the dye solution refrigerated during the experiment and prewarmed to 37°C in the dark 30 min before use. DHR 123 was added at a final concentration of 30 M, and the samples were incubated at room temperature for 5 min in the dark. After centrifugation at 500 ϫ g for 5 min, they were resuspended in 400 L of PBS ϩ 2% FCS ϩ 5 mmol glucose. Dye uptake in granulocyte cells is fast and is considered to be temperature-insensitive, and a steady state was quickly achieved.
Flow cytometry analysis. A standard flow cytometer (FACScan, Becton Dickinson, Immunocytometry Systems, San Jose, CA, U.S.A.) with excitation at 488 nm was used. Monocytes, lymphocytes, and dead cells were distinguished from intact granulocytes by measurement of the cellular forward angle and 90°side scatter. Fifteen ϫ 10 3 events were acquired for data storage. For identifying neutrophils, an appropriate freeform polygonal software gate was carefully set around the granulocyte population, created as a two-parameter cytogram dot plot (Fig. 1) . Each sample was run in this setup mode until the granulocyte acquisition gate was established. Gated cells were analyzed for their fluorescence properties. Rho 123 green fluorescence was collected in the FL-1 channel (530 nm, standard FITC filter set), and a fluorescence histogram was plotted (Fig. 2) . The linear channels of the analog digital converter were reconverted to log values for this purpose Measurement of cortical microvascular blood perfusion. LDF has been established as a reliable method for the measurement of regional microvascular blood perfusion (14) . The two-channel laser Doppler flowmeter (Periflux 4001 Master, Perimed AB, Stockholm, Sweden) emits a low-power 2-mW helium-neon laser light with a wavelength of 632.8 nm, which is directed to the tissue by the optical fibers (PF 319:0, 210 mm long and 0.5 mm in diameter). The magnitude and frequency of the Doppler shifted light are proportional to the number and velocity of blood cells moving through the illuminated area of the tissue. Photodetectors sample frequency information and convert back-scattered light into electrical signals that are measured in millivolts. Flowmeters provide relative, not absolute, values of blood flow, so that the measurement of mainly red blood cell flux by LDF is expressed in arbitrary PU. Directional blood flow is not measured. A good correlation between LDF and radionuclide-labeled microspheres for measuring cerebral blood flow in rabbits (coefficient of 0.92) (14) (16) . The signals were considered inadequate if the LDF was nonpulsatile or the measurements were less than 20 PU at baseline. Postmortem values were considered to be zero blood flow and subtracted from actual values. Left-and right-side LDF measurements were monitored by two independent channels.
Experimental protocol. The animals were allowed to stabilize after completion of instrumentation for 1 h before the start of the experiment. After baseline recordings, hypoxia was produced by the inhalation of 8% O 2 in 92% nitrogen. Hypoxia was terminated when MABP was Ͻ15 mm Hg or BE Ͻ-20 mmol/L or pH Ͻ7.0. Animals were randomized at the end of hypoxemia for reoxygenation with either 21% O 2 (n ϭ 13) or 100% O 2 (n ϭ 12) for 30 min, followed by 21% O 2 for another 1.5 h. Control animals were exposed to 21% O 2 throughout the observation time of 4 h (n ϭ 5). Two laser Doppler flow signals, MABP, and nitric oxide (NO) electrode signals (data not shown) were continuously recorded throughout the experiment.
Calculated variables and statistical analysis. CMRO 2 was calculated by the following formula: (CaO 2 Ϫ CssO 2 ) ϫ LDF, where CaO 2 is the arterial oxygen content ϭ (Hb) ϫ (carrying capacity Hb) ϫ (SaO 2 %) ϩ (PaO 2 ) ϫ (solubility of oxygen in blood), and CssO 2 is the cerebral venous oxygen content ϭ (Hb) ϫ (carrying capacity Hb) ϫ (SssO 2 %) ϩ (PssO 2 ) ϫ (solubility of oxygen in blood). CMRO 2 values were displayed as relative numbers.
Variables recorded during a 15-s period were averaged to obtain one measuring point. Laser Doppler signals from two channels were averaged for each measuring point to use in statistical analysis. Because the laser Doppler provides relative values expressed in arbitrary PU rather than in blood flow in mL/100 g tissue/min, data of cortical microvascular blood perfusion were expressed as percentages in relation to baseline.
Changes from baseline DHR fluorescence intensity were expressed as percentages of baseline.
All values are presented as mean Ϯ SEM. A mixed-model ANOVA for repeated measurements was used to investigate the effect of time, group, and group-by-time interactions. The effect of time within each group was studied by a 1-way analysis for repeated measurements. When a group-by-time effect was found, the t test was used to compare the baseline or the end-of-hypoxia values and the peak values at 5, 60, and 120 min of reoxygenation. This model was used to compare the treatment groups with regard to the following variables: MABP, pH, BE, PCO 2 
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RESULTS
The total duration of hypoxia was 66 Ϯ 2 min in the 100% O 2 group and 71 Ϯ 3 min in the 21% O 2 group (NS). There were no significant differences between any of the three groups in any measured variable at baseline or between the two reoxygenated groups at the end of the hypoxemic period.
Physiologic variables. Data for MABP are shown in Table  1 . The acute responses (after 90 s) to hypoxemia led to a rapid but not significant increase in MABP of 4 mm Hg (both groups combined), which then decreased significantly toward the end of the hypoxemic period. During the first 5 min of reoxygenation, MABP increased by 44% in the 100% O 2 group and by 18% in the 21% O 2 group (compared with end of hypoxia). However, the group-by-group differences were not significant. At the end of the reoxygenation period, the MABP was 49 Ϯ 5 mm Hg in the room air group and 55 Ϯ 5 mm Hg in the 100% O 2 group, which was significantly lower than baseline values (p Ͻ 0.05). Group-by-group effects during reoxygenation were not significant (p ϭ 0.2).
CMRO2. Calculations of CMRO 2 during hypoxia and reoxygenation with 100 or 21% O 2 are shown in Table 2 . During hypoxia, CMRO 2 decreased by 35 to 50% (p Ͻ 0.005 versus baseline) in the two hypoxemic groups. Reoxygenation with 100 and 21% O 2 produced different responses at 60 min of reoxygenation. In the 100% group, CMRO 2 rose from 2.8 Ϯ 0.5 at the end of hypoxia to 4.5 Ϯ 0.6 (p Ͻ 0.05). CMRO 2 was higher in the 21% O 2 group and rose from 3.7 Ϯ 0.5 to 5.8 Ϯ 0.5 at the end of hypoxemia (NS compared with the end of hypoxia). At 60 min of reoxygenation, the group-by-group comparison displayed a higher CMRO 2 in the room air group than in the 100% O 2 group (p Ͻ 0.05). However, at 120 min of reoxygenation, CMRO 2 in all groups was restored, and no differences between the groups were found.
Blood gases. pH, PCO 2 , PO 2 , BE, and SO 2 values from arterial and venous sagittal sinus blood are shown in Tables 3  and 4 . During hypoxemia, arterial pH and BE fell as expected dramatically in both study groups. During reoxygenation, pH and BE began to revert to normal and, after 120 min of reoxygenation, pH and BE values were almost restored in both groups. At the end of the hypoxia period, PaO 2 fell to values lower than 3.5 kPa in both groups. During ventilation with 100% O 2 , PaO 2 rose to 50.0 Ϯ 5.0 kPa in the 100% O 2 group and to 11.1 Ϯ 0.4 kPa in the 21% O 2 group. At the end of the experiments, O 2 tension was normalized in both groups. During hypoxia, the changes in cerebral venous pH and BE were parallel to the values obtained from arterial blood. PssO 2 fell 1-2 kPa during hypoxia, and cerebral venous O 2 saturation (SssO 2 ) decreased in mean 35% in the 100% O 2 group and 24% in the 21% O 2 group (p Ͻ 0.001 versus baseline values). During reoxygenation with 100% O 2 , PssO 2 was 9.9 Ϯ 1.9 kPa (100% O 2 ) and 5.7 Ϯ 0.7 kPa (21% O 2 ). SssO 2 rose by approximately 40% in the 100% O 2 group and by 30% in the 21% O 2 group compared with the end-of-hypoxia values. During reoxygenation, the values declined slowly until they reached subnormal values at the end of the experiment. PaCO 2 was not significantly different between the two study groups at any time and was kept stable within the physiologic range (4.6 -5.4 kPa) throughout the experiments in all animals.
C-reactive protein, oxyhemoglobin, and plasma glucose. C-reactive protein from plasma derived from arterial and cerebral venous blood was negative (Ͻ10 mg/L) at baseline, during hypoxia, and during reoxygenation in all samples. Hb was stable throughout the study, and no differences were found between the groups. Plasma glucose concentrations were not different between the groups; however, a slight increase during the hypoxic period in both study groups was seen (data not shown).
White blood cells, granulocytes. The total number of circulating leukocytes in arterial blood (Fig. 3 Table 5 for arterial and cerebral venous samples. Arterial H 2 O 2 concentration in PMN increased significantly at the end of hypoxia by 14.7 Ϯ 4.7% and by 32.2 Ϯ 14.5% in the 21 and 100% O 2 groups, respectively (p Ͻ 0.05 versus baseline, both groups combined), with no significant difference between the two groups. During reoxygenation, baseline concentrations were obtained after 5 min both in the 100% O 2 group and in the 21% O 2 group and did not change from this level until the end of the experiment. The concentrations in the 21% O 2 group tended to be lower than in the 100% group, but ANOVA for repeated measurements did not show a significant group-by-time difference between the two reoxygenated groups. Microvascular blood perfusion in the cortex. Regional cortical microvascular perfusion increased significantly after 5 min of hypoxia by 26% for the 100% O 2 group and by 49% for the 21% O 2 group (p ϭ 0.0006 versus baseline, both groups taken together). This increase seemed to reach a steady state during the period of hypoxia, and, at the end of hypoxia, it was approximately 39 and 49% higher for the respective groups than their baseline values (p Ͻ 0.0001, both groups taken together). During reoxygenation, LDF curves in both study groups returned to baseline levels and were similar to the corresponding control values of the normoxemic group. No differences were found between the two reoxygenation groups during the 2-h posthypoxic observation period (Fig. 4) .
DISCUSSION
The present study showed an increased H 2 O 2 concentration in PMN from arterial blood during hypoxia; by contrast, in cerebral venous blood, the H 2 O 2 level in PMN tended to increase only. After reoxygenation, H 2 O 2 was elevated in the 100% O 2 group and lowered in the 21% O 2 group compared with baseline. Hypoxia also resulted in an augmentation of regional cerebral blood flow in the cerebral cortex that remained until the end of hypoxemia. The cerebral microcirculation was restored as efficiently with room air as with 100% O 2 . After 60 min of reoxygenation, CMRO 2 in the 21% O 2 group tended to be higher than in the 100% O 2 group.
Free radicals may stimulate the accumulation and activation of granulocytes. The exact role of PMN in triggering the oxidative-antioxidative balance during hypoxia-reoxygenation is unknown. The DHR flow cytometry assay in total leukocyte preparations used in the present study offers a direct detection system to measure intracellular H 2 O 2 concentrations in PMN but not the generation of O 2 - (11) . Adherent PMN that would have escaped measurement are not included. This means that only H 2 O 2 concentration in circulating PMN was monitored. Others have shown that intracellular oxidation of DHR 123 is a sensitive and reliable method of quantifying H 2 O 2 in PMN (13, 17, 18) . However, flow cytometric experiments in cell suspension require cautious interpretation. Even normally stimulated PMN may respond heterogeneously, suggesting the existence of functional differences in the circulating cells (8) . This heterogeneity in the oxidative response has to be taken into account.
Measurements of H 2 O 2 concentrations were performed in circulating PMN in the cerebral and systemic circulation but not in the brain tissue. Neutrophils may act as inflammatory cells and are particularly important in the induction of oxidative stress in endothelial cells in the cerebral vascular bed (19, 20) . Oxidative stress on endothelial cells invoked by neutrophils (and possibly monocytes, too) is at least partially responsible for the neutrophil rolling, adhesion, and finally migration through the endothelium into the tissue. Interaction of H 2 O 2 with endothelial cells rapidly depletes ATP and causes extracellular appearance of xanthine and hypoxanthine. In vitro exposure of endothelial cells to H 2 O 2 reduced intracellular ATP concentration by 72% (19) . Neutrophil cells have the ability to initiate margination through the endothelium out of the circulating pool into the tissue and may stimulate microglia to produce cytokines as IL-1 and tumor necrosis factor-␣ (TNF-␣). Expression of TNF-␣, IL-1, and IL-6 was observed more frequently in brain lesions of neonatal brains with periventricular leukomalacia than in those without periventricular leukomalacia (21) . A recent study in cultured bovine cerebral microvascular cells during hypoxia/reoxygenation demonstrated the influence of TNF-␣ and IL-1 on the adhesion of neutrophils and monocytes to the endothelium (22) . Further, oligodendrocytes in culture exposed to H 2 O 2 may facilitate apoptotic cell death (23, 24) , indicating that H 2 O 2 appears to participate in the cascade to oligodendroglial cell death. Thus, the appearance of reactive oxygen species including H 2 O 2 in circulating cells in the brain may have importance for progressive intracerebral oxidative mechanisms in connection with hypoxia and reoxygenation. The release of reactive oxygen species from circulating leukocytes may go on in the brain and induce sequestration of the perivascular microenvironment. Increasing experimental evidence indicates that PMN adhesion should be further investigated.
Normally produced H 2 O 2 is necessary for bactericidal mechanisms in the neutrophil cell. H 2 O 2 can be produced either spontaneously or by Superoxide dismutase (SOD)-catalyzed dismutation of O 2 -. Our results suggest that the production of cerebral H 2 O 2 is O 2 -dependent. This was also supported by a study in brains of rats exposed to room air where H 2 O 2 was calculated to be 7.7 pM and a rise of approximately 60% was reported when O 2 tension was increased to 100% (25) . Armstead et al. (26) have demonstrated a significant production of O 2 -anion (8.7 Ϯ 1.5 pmol/mm -2 /20 min) in connection with global cerebral ischemia-reperfusion in the newborn pig, and, recently, an increased free radical production by fetal brain in postasphyxial lambs was demonstrated (27) despite oxygen tensions of only 3-3.5 kPa. As indicated in human studies (28) , accumulation of H 2 O 2 during hypoxia and hyperoxia may reflect a high production of O 2 -. The effect of 100% O 2 on free radical formation was recently studied employing the electron spin resonance technique (4) . The results of the latter study indicated that reoxygenation with 100% O 2 was associated with significantly more free radical generation than reoxygenation with 21% O 2 . However, two studies have been performed in 840 which hyperoxia after brain ischemia was not found to increase the concentration of reactive oxygen metabolites (5, 7) .
Accumulation of leukocytes may contribute to an increase in cerebral H 2 O 2 concentration during reoxygenation with 100% O 2 . H 2 O 2 efflux (superior sagittal sinus) values were found to be significantly higher than the influx values (femoral artery) in the 100% O 2 but not in the room air group. The antioxidant defense capacity may be overwhelmed by reoxygenation with 100% O 2 due to an overload of reactive oxygen species. This could finally result in a higher cerebral H 2 O 2 concentration, as demonstrated in this study. However, it is still unclear how effectively the newborn immature brain can mobilize a protective antioxidative response to the hyperoxic challenge.
It can be questioned whether the FiO 2 was the only variable of interest associated with the changes of H 2 O 2 concentrations. The influence of plasma glucose concentration on the brain in hypoxia-reoxygenation is still a matter of debate. As expected, in the present study, a slight increase of plasma glucose concentration during the hypoxic stress in both study groups was seen. Compared with the findings of Andersen et al. (4) , it seems to us to be the most plausible explanation that oxygen is the most likely source of the H 2 O 2 accumulation.
Another response to hypoxia and reoxygenation was an increase in PMN in the systemic circulation. Hallenbeck et al. (29) have shown in a canine model that cerebral hypoperfusion was associated with PMN accumulation in the injured brain hemisphere during the early postischemic period. Caceres et al. (30) showed in asphyxiated piglets that leukocyte accumulation occurred in cerebral arteries 4 -6 h after the insult. Neutrophil accumulation in cerebral blood vessels may plug the microcirculation and cause damage from within the blood vessels during the first 24 h after asphyxia (31) . This fits in with the observation that allopurinol-induced neutrophil depletion may be beneficial to the neonatal brain in rats exposed to hypoxia-ischemia (31) . Neutrophils have a diameter of approximately 10 m and have to be deformed before passing through the capillaries. Activated neutrophils will cause obstruction due to the loss of their viscoelastic properties. Moreover, the activated endothelium may express adhesion molecules, which attract circulating neutrophils and cause them to adhere (32) .
We found that hypoxemia caused an initial increase in cortical microvascular perfusion of approximately 150% of baseline values, after which the flow returned to normal values at approximately 60 min of reoxygenation. Unexpectedly, there was no further increase in perfusion after the start of reoxygenation in either study group. As demonstrated in previous studies, when the microsphere technique (33) or the LDF technique (34) was used to assess regional cerebral blood flow in the cortex, the circulation was restored as efficiently with 21 as with 100% O 2 . However, the latter findings do not necessarily prove that there are no differences in deeper and more sensitive brain regions.
Hypoxia induced a decrease in forebrain oxygen uptake (CMRO 2 ), which became restored during reoxygenation. After the start of reoxygenation, room air tended to induce a higher CMRO 2 than 100% O 2 , which became significant after 60 min. It seemed that reoxygenation with 100% O 2 reduced the O 2 extraction and utilization in the predominantly cortical brain areas assessed in the present study. This depression in the O 2 metabolism when oxygen is available in excess may reflect a protective mechanism possessed by the whole brain or a lower metabolic rate of oxygen in tissues drained by the superior sagittal sinus.
The fact that formation of H 2 O 2 in cerebral venous PMN during reoxygenation with 21% O 2 was lower, in contrast with the concentration found during reoxygenation with 100% O 2 , and that cortical vascular perfusion was restored in both groups indicates that care must be taken when higher O 2 concentrations are used. Reducing the O 2 to a more moderate level may be of therapeutic importance, a proposition that should be further examined.
In conclusion, H 2 O 2 concentration in arterial PMN of newborn piglets increased during hypoxia and tended to increase in PMN from cerebral venous blood. During reoxygenation, neutrophil cells accumulated in the systemic arterial circulation. At the same time, H 2 O 2 concentration in PMN in the cerebral circulation was low with room air but remained high with pure oxygen ventilation. Further, cortical microvascular perfusion increased during transient hypoxia and was almost normalized after reoxygenation in both study groups. We speculate that reoxygenation with increased oxygen concentrations may have side effects. This indicates that oxygen should be reintroduced with caution during neonatal resuscitation.
